The authors present data describing the temporal progress of 786 severely head-injured patients from discharge to 12 months postinjury. Changes in outcome over time are characterized and the effects on these changes of patient age, Glasgow Coma Scale score, pupillary response, and type of injury are investigated. The feasibility of using these facters and the outcome at 3 months postinjury to predict the outcome at 6 months posttrauma is explored via logistic regression analysis. The data indicate that a significant proportion of patients improve continuously during the first 6 months after injury; outcome tends to stabilize thereafter, which suggests that the response at this time may be the appropriate end point for clinical trials in severe head injury. Dichotomized outcomes are predictable with approximately 94% accuracy at 6 months postinjury; therefore, missing outcomes may safely be replaced by the corresponding predicted outcomes. The findings also indicate striking improvement over time in patients who are in a vegetative state at discharge, suggesting that decisions regarding withdrawal of supportive care should be postponed until 6 months after injury in these patients.
M
ANY investigators have studied the problem of predicting outcome in severely head-injured patients. The importance of this prediction has been discussed in our previous papers; 5-736,17a9 however, little attention has been focused on the temporal progress of patients after discharge. In this paper, we examine the temporal profile of severely head-injured patients from discharge to 12 months posttrauma. The Glasgow Outcome Scale (GOS) 9 is used to classify outcome into five categories: good recovery, moderate disability, severe disability, vegetative state, and death. A major goal was to determine the relationship of patient age, Glasgow Coma Scale (GCS) 2~ score, pupillary response, and/or type of injury to the probability of improvement between 3 and 6 months postinjury. We also used logistic regression analysis to predict outcome at 6 months postinjury, employing patient age, GCS score, pupillary response, and 3-month GOS score as predictors.
The feasibility of predicting the 6-month outcome from the 3-month GOS score has not been reported previously, although a number of authors have studied follow-up data from severely head-injured patients. 1-3, 10-12,i8 One report described follow-up studies of vegetative patients from the Traumatic Coma Data Bank (TCDB). 12 Of 650 patients available for analysis in this database, 14% were discharged from the hospital in a vegetative state and, of these, 52% had regained consciousness by 12 months postinjury. Similar results were observed in data from the International Coma Data Bank. 2 Approximately 10% of the 1373 patients in this study were vegetative 1 month after injury, and 42% of these regained consciousness within 12 months of the onset of coma. The TCDB investigators attempted to determine whether characteristics such as patient age, pupillary response, or computerized tomography (CT) findings were related to recovery from the vegetative state. Logistic regression analysis failed to identify significant predictors of this improvement.
Clinical Material and Methods

Patient Population and Management
Data were collected from 786 patients with severe head injury (defined as those not following commands and with a GCS score of < 9) who were admitted to the neurosurgical service of the Medical College of Virginia between May, 1976, and October, 1991. Patients with gunshot wounds of the head or those who arrived brain dead were not included. The GOS score was recorded at 3, 6, and 12 months postinjury in each patient; outcome at discharge was recorded only for patients admitted since 1984. Loss to follow-up review was 3.6% at 3 months postinjury, with an additional 2.5% lost at 6 months and another 4.2% at 12 months. Therefore, about 10% of the subjects were unavailable for outcome assessment at 12 months postinjury.
Patient age and pupillary response at admission, and time from injury to discharge were recorded. The pupillary response was scored as follows: bilaterally normal (0), unilaterally absent (1), and bilaterally absent (2). The mean age of the patients was 30.4 years (range 1 to 89 years), the mean GCS score was 6.0, and 51% of patients exhibited an abnormal pupillary response (bilaterally or unilaterally absent) at admission. The median time from injury to discharge was 26.7 days. One patient was hospitalized for 1247 days; for the others, time to discharge ranged from 1 to 469 days. The distribution of times from injury to discharge (Fig. 1) is quite skewed, with about 50% of the patients discharged within 25 days, Each patient was assigned an intracranial diagnosis according to a classification scheme based on the initial CT scan. t4 The diagnostic categories were as follows: diffuse injury with no visible pathology, diffuse injury with pathology, diffuse injury with swelling, diffuse injury with midline shift, evacuated mass lesion, and nonevacuated mass lesion. The hematoma was categorized, again based on the initial CT scan, as follows: none, subdural, or intracerebral. The patients in this database were managed aggressively according to a previously described protocol and have been studied extensively in previous publications. 1,Js-17
Statistical Methods
To study the temporal profiles, simple crossclassifications of GOS scores at two time points are used. Thus, the following correlations are obtained: discharge versus 3, 6, and 12 months postinjury; 3 months versus 6 and 12 months postinjury; and 6 months versus 12 months postinjury. These data illustrate changes in the pattern of recovery over time.
For the logistic regression analysis, a binary 6-month response is defined as either favorable (good recovery or moderate disability) or unfavorable (severe disabil-S. C. Choi, etal. * Only patients admitted since 1984 were scored (according to the Glasgow Outcome Scaleg). G = good recovery; MD moderate disability: SD = severe disability; V = vegetative state; D = dead. Outcome data are expressed as percentages of the total number of cases in that discharge outcome group. ity, vegetative state, or death). We also classified the intracranial diagnosis as either diffuse injury or mass lesion. To reduce the possible bias that comes with reclassification of the entire sample, 4 two-thirds of the patients were randomly allocated to a design set to construct a prediction model and one-third were assigned to a test set in order to cross-validate the model.
A number of univariate analyses were performed to determine if the prognostic factors are associated with the probability of improvement between 3 and 6 months postinjury. Patients who were moderately disabled, severely disabled, or vegetative 3 months after injury were analyzed as three subgroups. The binary response variable indicates whether there was improvement in the patient's GOS score. Chi-squared tests were performed on the categorical prognostic factors, while logistic regression was used to investigate the effects of patient age and GCS score.
Results
The cross-classification data indicating the temporal profiles from time of discharge to 3, 6, and 12 months after injury are presented in Table 1 . Many patients with intermediate outcomes at discharge improved by one or more GOS categories over time. For example, in patients with severe disability at discharge, the most common outcome at 3 months was still severe disability (53%), although 28% improved to moderate disability. It is somewhat reassuring to see that at 6 months the most likely outcome for these patients was moderate disability (37%). By 12 months postinjury, 76% of the patients severely disabled at discharge had improved to good recovery or moderate disability. At 12 t70
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months postinjury, of the 65 patients who were vegetative at discharge only 28% remained vegetative or had died and about 28% had attained good recovery or moderate disability.
The cross-classification data for patients at 3 versus 6 months and 3 versus 12 months are given in Table  2 . At 12 months postinjury, the most common outcome for 71 patients who were vegetative at 3 months was severe disability (47%). In fact, 52% of these patients improved to severely disabled or better. The crossclassification data for patients at 6 versus 12 months are presented in Table 3 , showing that it is not unusual for patients to experience changes in their GOS status after 6 months. About 45% of the patients moderately disabled at 6 months postinjury attained a good recovery by 12 months postinjury. Also, of the patients who were vegetative at 6 months, 50% remained vegetative and the other 50% either died or became severely disabled by 12 months.
When viewing these cross-classification data, it is important to realize that the most likely outcome at a certain time point is conditional upon the patient's status at some previous point. For instance, in patients with severe disability at discharge, the most likely outcome at 6 months postinjury is moderate disability. However, in patients with severe disability at 3 months postinjury, the most likely outcome at 6 months remains severe disability (51%, Table 2 ).
The percentage of favorable outcomes (either good recovery or moderate disability) over time from discharge to 12 months postinjury is presented in Fig. 2 . The favorable outcome curve increases sharply from discharge through 6 months postinjury, with a smaller increase at 12 months. However, the percentage of good recovery continues to increase substantially between 6 and 12 months.
Since the 6-month outcome is often used as the end point in severe head injury, it would be of practical interest to see if the 6-month outcome can be accurately predicted from the 3-month GOS score. The logistic regression analysis based on the design set of patients indicated that the 3-month outcome was most closely associated with the binary 6-month outcome (p = 0.0001) and that the GCS score was marginally associated with the 6-month outcome (p = 0.056). Patient age and pupillary response were less important than the other two factors; however, they are usually significant predictors in models that do not include the 3-month outcome. 3-month outcome and the three prognostic factors, for the 215 patients in the test set. Here, sensitivity is defined as the proportion of patients with a favorable outcome at 6 months who are predicted to have a favorable outcome at 6 months. Specificity is the proportion of patients with an unfavorable outcome at 6 months who are predicted to have an unfavorable outcome at 6 months. Both sensitivity and specificity are high and the total percentage of correct predictions is 93.5%, compared to a 75% to 80% range reported previously, based on prediction models excluding the 3-month outcome? -7,16 It would be desirable to increase the sensitivity without seriously decreasing the specificity, if possible. Nevertheless, the prediction rate is significantly higher than that obtained from a model using only patient age, GCS score, and pupillary response.
Next, the possible effects of type of injury on the rate of improvement from 3 to 6 months postinjury were examined. There was some evidence that the intracranial diagnosis might have an effect on the patterns of recovery, at least in some subgroups of patients. Of the patients who were severely disabled at 3 months postinjury, 50% of those with diffuse injury had improved by 6 months, whereas only 27% of those with a mass lesion had improved by 6 months (p = 0.03, chi-squared test). However, when examined in a logistic regression model with the other factors (age, GCS score, and pupillary response), the intracranial diagnosis did not significantly affect the response (p > 0.15) nor did it improve the predictive accuracy of the model. Knowledge of the outcome at 3 months postinjury is by far the most important piece of information when predicting the patient's status 3 months later.
The effects of individual prognostic factors on the probability of improvement between 3 and 6 months postinjury are examined in Table 5 . No significant associations are observed in patients who were moderately disabled or vegetative at 3 months. The TCDB investigators lz found similar results in vegetative patients in terms of improvement between discharge and 12 months. Intracranial diagnosis and GCS score were significant factors (at p < 0.05 and p = 0.01, respectively) and location of hematoma was marginally significant (p < 0.10) in patients who were severely disabled at 3 months postinjury. However, when examined in multiple logistic regression models containing the other factors, none of these three variables remained significant. When all factors were examined jointly, p = 0.07 for intracranial diagnosis and the corresponding significance levels for GCS score and location of hematoma were p = 0.25 and p = 0.13, respectively. For severely disabled patients at 3 months, the data indicated that those with higher GCS scores were more likely to improve. The patients with diffuse lesions also had a higher likelihood of improvement than those with mass lesions and the patients with no hematoma had a better chance of improvement. Nevertheless, there is no evidence that any single factor has a strong and independent effect on the probability of improvement between 3 and 6 months postinjury. These results could indicate that the likelihood of improvement of patients over time depends jointly on many factors such as intracranial diagnosis, GCS score, and location of hematoma.
Discussion
In the construction of most randomized clinical trials for new forms of therapy for head-injured patients, the traditional approach of evaluating the new therapeutic modality against a placebo is commonly used. There is, however, still debate about the optimum time point at which to make intergroup comparisons of final outcome. Data collection at multiple time points from hospital discharge to 12 months would be difficult, costly, and unnecessary. Moreover, any temporal differences between two study groups are difficult to interpret. For these and other reasons, the outcome at a single fixed time has been used as a primary end point in most clinical trials of head injury.
Our data show that an overwhelming majority of patients experience a dramatic change in outcome from the time of discharge to 12 months postinjury. From the cross-classification data, it is clear that the majority of vegetative, severely disabled, and moderately disabled patients will change their outcome status after they are discharged from the neurosurgical unit. In most of these patients, the outcome is improved. Even at 3 months postinjury, the outcomes of 36% of these patients changed during the next 9 months. The change from 6 months to 12 months was relatively small if the GOS score is combined into favorable and unfavorable outcomes; the outcome status on only 4.7% of patients changed during the next 6 months. This fact suggests that the 6-month outcome could be a reasonable end point for a clinical trial; however, the percentage of patients with good recovery continues to increase in a linear fashion even after 6 months. From the perspective of the patient's family and the clinicians engaged in rehabilitation, there may be substantial differences between good recovery and moderate disability.
Of the 786 patients in this series, approximately 5% of the GOS scores at 3 and 6 months postinjury and about 10% at 12 months were obtained via telephone interviews. Although one could question the reliability of outcomes obtained in this manner, we are confident that they are sufficiently reliable. A clinician (an experienced research nurse, in our case) used a standard set of questions to record the data for determination of the GOS score. The outcome data were then examined independently by a second clinician to minimize possible discrepancies. A previous study j3 found that the GOS assessed from recorded data had a slightly higher agreement rate (in terms of the kappa score, a measure of agreement corrected for chance 8) than the outcomes obtained from live follow-up interviews.
One of the most surprising features of this study is the striking improvement that took place in patients who were classified as vegetative at the time of discharge. The data indicate that over 72% regained consciousness by 12 months postinjury, and this result is higher than the TCDB findings mentioned earlier. 12 Even so, the most likely outcome (45%) at 12 months postinjury is severe disability for patients who were vegetative at discharge. If the 3-month and 12-month outcomes for the vegetative patients are compared, about 24% of the patients had died and about 24% remained vegetative, but 52% improved (Table 2) . Unfortunately, the majority improved only from vegetative to severe disability; however, 5.6% improved from the vegetative state to moderate disability during this time period. This suggests that decisions regarding withdrawal of supportive care such as nasogastric feeding and administration of antibiotic agents and chest physiotherapy should be delayed until the 6-month time point for this group of patients.
These data suggest that efforts at rehabilitation should be focused on the first and second 3-month periods after discharge from neurosurgical care and that physiolherapeutic activities after this time are probably less valuable. The most important finding of this study, however, is that a significant majority of patients with severe head injury continue to improve up to 6 months postinjury, at which time their status tends to stabilize. Another valuable finding is that the 3-month outcome and other factors can accurately predict outcome at 6 months postinjury. This is important in respect to clinical trials because missing 6-month outcomes can safely be replaced with predicted outcomes.
The 786 severely head-injured patients in this 15-year study were managed in a similar fashion and outcomes were evaluated using a consistent method. The examination of yearly patient profiles indicated that the patients were very similar in terms of age, GCS score, and other prognostic factors. Approximately 10 years ago, the mortality rate at 6 months postinjury was 35% to 37%, compared to about 30% to 33% in recent years. Thus, the rate has decreased slightly during the 10-year period. There have been yearly fluctuations in mortality, and the overall reduction, adjusted for patient age, GCS score, and pupillary response, was only marginally significant (0.05 < p < 0.06).
